Abstract
BACKGROUND
Energy is a key source of economic growth because many production and consumption activities involve energy as a basic input. The empirics suggest that higher energy consumption contributes to higher economic growth though reverse is also true (Kraft & Kraft, 1978; Masih & Masih, 1996; Asafu-Adjiye, 2000; Lee & Chang, 2007; Narayan & Smyth, 2008; Ozturk, 2010) . The findings are in general applicable in both developed and developing countries though the extent of contribution and direction of causality may vary (Ozturk, 2010) .
The important role of energy is also common in development economics literature. In addition to increased economic growth and economic growth dimension, the development economics literature views the energy from access, distribution, affordability and right perspective too (Zillman, Lucas & Pring, 2002) . For example, Sustainable Development Goal (SDG) seven acknowledges that the economic development of a country significantly depends on the long−term availability of energy from different sources that are affordable, accessible and environmentally friendly (UN, 2015) . This is even more important for developing countries as the need for reliable and affordable form of energy is more fundamental; and reliable energy supports expansion of industry, helps modernizing agriculture, increases trade and improves transportation (Sari & Soytas, 2007) .
While the role of energy in economic growth and development is widely acknowledged and documented, there are issues about nature and type of energy used. About 80 % of total energy consumption in the world is met through the fossil fuel (WB, 2018) . Keeping the detrimental consequences of the consumption of dirty fuel to the environment and economy, there are concerns about sources of the fuels that meet the current energy demand. The conventional fossil fuels are the prime cause of carbon dioxide (CO 2 ) emissions in the globe (Meehl et al., 2007) . Accordingly, using of these fossil fuels comes at greater cost; they seriously alter the ecosystem and human wellbeings in several ways. Further, the excessive dependence on selected countries for oil and volatility of oil price and market has forced many countries to look into the alternative source of energy (Marques et al., 2016) .
These are the reasons the world is embarking towards an energy mix with increasing share of clean energy. Owing to high cost of fossil fuel to environment, ecology and economy, there are already initiatives taken towards energy generation from clean sources such as solar, wind, hydropower, and nuclear energy (Srirangan et al., 2012) . Following the Paris agreement 2015 --a legal binding agreement on climate change that aims to keep global warming below 2
• c by 21 st century, countries like USA, Canada, Germany, France, are moving towards cleaner energy (Chang et al., 2015) The fastest growing economies like China, India, Brazil and other countries are also promoting the production and consumption of energy based on renewable resources (Green & Stern, 2017; Nowtony et al., 2015) .
In spite of huge renewable energy production potential, Nepal relies heavily on the petroleum product to fulfill its energy needs. While fuel woods still dominates the energy mix basket accounting as high as 71 % compared to fossil fuels 16 % and renewals at 1 % (WECS, 2014) , there is has been exponential increase in the consumption of fossil fuels-especially of the petroleum products (NRB, 2018) . Accordingly, the import bills of petroleum products have been substantial. In FY 2017/18, about 29 % of the total major imports were accounted by the import of petroleum product (NRB, 2018) . This clearly has implication of external sector imbalance in addition to the environmental cost to the economy. Owing to huge potential of hydro electricity generation in Nepal, there is obvious question whether it will be able to substitute the conventional fossil fuels.
Despite that hydroelectricity is in short supply compared to demand in recent years, there has been moderate progress on the production of hydroelectricity. By the FY 2017/18, the installed capacity of the hydroelectricity has reached 1020 MW and government further wants to produce electricity in the coming years. The current demand for electricity during peak hours has been around 1250 MW with about 20 percent increment in the demand for electricity per annum (MOF, 2018) . This would mean that demand for hydroelectricity would reach 3110 by fiscal year (FY) 2080/81. If the business as usual scenario prevails, then it can be anticipated an excess supply of hydroelectricity in coming years. Therefore, it is imperative to increase consumption of electricity in the country and one way to address this problem is to allow substitution of fossil fuels such as coal, gas, petrol, diesel and kerosene which dominates energy consumption basket especially of industrial sector in Nepal. However, there is lack of empirical evidence about extent hydroelectricity could substitute the fuels as mentioned above. More so, use of standard economic theory on addressing this question of inter-fuel substitution is still missing. The available literature are largely qualitative in nature and among the quantitative analysis, use of trend analysis has been common. These are also examined from purely technical or engineering perspective and use of economic theories and rationales are often limited.
Against this backdrop, this paper aims to answer the question of inter-fuel substitution potential in Nepal. The objective of the paper is to explore a potential for interfuel substitution between the major energy sources namely coal, petrol, diesel, gas, kerosene and hydroelectricity for the period of 1980-2016. This paper is expected to provide evidence about extent of substitution between different sources of the fuels in Nepal.
SURVEY OF LITERATURE
Examining relationship between energy use and its contribution to economic growth is well documented in both theory and empirics. Marques et al. (2016) have summarized the existing literature in terms of (i) Feedback hypothesis; (ii) growth hypothesis; (iii) neutrality hypothesis; and (iv) conservation hypothesis. The environmental and ecological models have induced to look into the inter-fuel substitution possibility between the different sources of fuels and between the different sectors of the economy.
The early literature has applied the neo-classical growth models where energy is taken as one of input among several other inputs (Masih & Masih, 1996; Wolde-Rufael, 2005; Lee, 2006) . This essentially is equivalent to test whether energy has been a determinant of economic growth. These set of literatures have used standard production functions such as Cobb Douglas, Constant Elasticity of Substitution and translog functions, andare based on the time series or panel data for cross country analysis (Ozturk et al., 2010) . The empirical findings of these papers in general support a positive relationship between energy consumption and economic growth though the casual evidence is mixed. For example, Masish and Masih (1996) , following the co-integration and error correction model, found that energy consumption has contributed to economic growth in India whereas the reverse was found significant in Indonesia, Pakistan, Malaysia, Philippines and Singapore. Asafu-Adjaye (2000) using similar econometric techniques found energy consumption has increased GDP in India and Indonesia; and two way relationship exists in Thailand and Philippine. The study of Narayan and Smyth (2008) conducted in G-7 countries found a causal relationship between energy consumption and economic growth. In similar fashion, Lee and Chang (2008) examining sixteen Asian countries and applying panel cointegration and panel ECM found energy consumption contribute to GDP in long run yet GDP boosts the energy consumption in the short run.
However, there were concerns that early write-ups on energy growth nexus fails to consider the other way implications to environment and ecosystem. While some of early literature tried to capture nonlinear nature of relationship between energy and economic growth following environmental Kuznets Curve (EKC) hypothesis, they failed to capture the nature-ecology-energy-growth nexus in fullest sense. The EKC hypothesis states that in early stage of economic development, the energy consumption increases along with economic growth, and for that matter increase in pollution, whereas after certain threshold energy consumption may not lead economic growth as later is used to clean the environment and therefore reduction in the energy (Ang, 2007; Lean & Smyth, 2010) .
For these reasons, the recent literature uses environmental and ecological models to examine the energy consumption and economic activities. Kolstad and Kraukraemer (1993) noted that energy use (and resource use in general) might have negative consequences in long run though it may benefit the economy in the short run. They suggests for inclusion of a dynamic and interactive model compared to large empirical studies that are static in nature and miss the environment economy link aspects of the theoretical foundation. This appeal to consider a general equilibrium and dynamic framework to capture the causal and long run relationship between energy consumption and economic activities (Nordhaus, 1992; Jorgensen & Wilcoxen, 1993) . Keeping in view of type of energy use and its possible detrimental consequences to the economy, recent literature have focused on the energy economic growth nexus by separating the energy into renewable and non-renewable. Dogan (2015) and Bhattacharya et al. (2016) are the examples to this account.
It is in line with growth and conservation hypothesis; there is growing literature on use of energy mix and its implication to the economy. This apparently appeals for looking into the inter-fuel substitution. There have been a number of studies conducted for examining the inter-fuel substitution especially between the fossil fuel and renewable energy. For example, Ma et al. (2008) looked into the Chinese energy economy focusing on the technological change, factor demand and inter-fuel substitutability. Using time series data and applying translog cost function to estimate energy elasticity, the study shows that a change in an individual fuel price affects fuel consumption through the feedback effect between the inter-factor and inter-fuel substitution assuming that the production function is weakly separable in the major components of energy, capital, and labor. Stern (2012) documented the inter-fuel substitution possibilities of different sector by taking 47 sample studies. The study mainly focuses on substitution between coil, oil, gas, and electricity. This study shows that the industrial sector has significantly greater elasticity (more than unity) between coil−oil, oil−gas, oil−electricity, and gas−electricity whereas the elasticity between coil−gas, and coil−electricity are insignificantly different from unity or zero due to their large standard error.
Whereas there has been literature available in international context, there are limited national studies that examines the potential substitution between different sources of fuels. Few studies have explored the potential growth of the different sources of fuel, for example hydro and solar, yet the potential substitution has not been looked into. For example, K C et al. (2010) paper highlights the current status of energy consumption by different sectors (Residual sector 365.8 million GJ, Industrial sector 13.4 million GJ, commercial sector 5.1 million GJ, Transportation 20.9 million GJ, Agriculture sector 3.6 million GJ) in Nepal and elucidates the role of renewal energy. Adhikari, Gurung, and Bhattarai (2014) analyze the Solar Energy Potential in Nepal and Global Context. Recently, Joshi and Bohara (2017) examined household preferences for cooking fuels and inter-fuel substitution using household level data. The main objective of this research is to quantify the impacts of the household's economic and non-economic attributes (income, age, education, gender of household head, forest types and locations and media exposure). Since there is limited understanding about inter-fuel substitution in Nepal, this paper aims to bridge this gap. It also aims to initiate discussion on the possible fuel substation in Nepal in view of the huge potential of the renewable energy in general and hydroelectricity in particular.
MODEL AND EMPIRICAL STRATEGY
Since primary interest of the paper is to look into potential inter-fuel substitution, we follow standard translog production function approach to examine the relationship between different forms of energy namely hydroelectricity, coal, gas, petrol, diesel and kerosene and output measured by country's Gross Domestic Product (GDP). This will allow us to compute the elasticity of substitution-a parameter of primary interest in the paper. Whereas Constant Elasticity of Substitution (CES) and Cob-Douglas (C-D) production function are widely used in examining the input output relationship, a translog production function developed by Christensen et al. (1975) is preferred in computing elasticity of substitution. This function is preferred over others due to its strong theoretical rigor and flexibility of usage as it allows the researchers to avoid the need to specify a particular production function (Pollak et al., 1984; Stratopoulos et al., 2000) .
Following the seminal work of Christensen et al. (1975) on translog production function, we too adopt a twice differentiable translog production function expressing gross output (Q) as a function of combination of different inputs. The general form of the translog production function which is a second order Taylor Series approximation relating output as a function of combination of inputs is giving as follows (Christensen et al., 1975; Pavelescu, 2011) :
Where Q t represents output at time t, β 0 is the state of technical knowledge, Xit and Xjt respectively represent different unit of inputs i and j at each time t, β t and β ij are the technologically determined parameter estimates. Pavelescu (2011) has argued that this functional form enables the researcher to circumvent the imposition of assumptions such as perfect substitution or competition among the factors of production. The existence of the exponential terms provides for nonlinearity between the inputs and the output. These features make the translog production function more appealing relative to other functional forms.
Specific to our case, the translog production function relates the gross output (Q) as a function of capital stock (K),labour (L) and energy (E) . Here, energy (E) represents different forms of the energy sources namely hydroelectricity, gas, coal, petrol, diesel and kerosene. Since E is composed of different fuel sources, it is essential to assume the function to be separable and homothetic in its fuel inputs. In a multivariate model with n inputs, the number of estimable parameters equals n (n+3) / 2 if all inputs have translog components in the model thereby creating over parameterization as the number of parameters 'explode'. Thus, we include only the translog component of the variables that satisfy the objective of the study. While literature suggests for the inclusion of capital (K) and Labour (L), we have excluded them for two reasons. First, the data on labor for the study period in annual basis was not available. Second, the focus of our paper is the interfuel substitution rather than different forms of the input. Therefore, the production function for our purpose is specified as follows: where lnQ is the log of gross domestic product, lnC is the log of coal consumption, lnG is the log of gas consumption, lnP is the log of petrol consumption, lnD is the log of diesel, lnK is the log of kerosene and lnH is the log of hydroelectricity. The interactive and higher polynomial order terms correspond the specific fuel as identified above.
From equation (2), we can obtain the estimates of elasticity of substitution among the competing fuels used in the generation of electricity by first obtaining the estimates of the output elasticity of each of the inputs. Considering the economic region of a linearly homogenous production function which is characterized by strictly positive marginal productivities of all inputs, the output elasticity of an input i is calculated as:
Thus, for each of the fuel inputs Coal(C), Gas(G), Pertrol(P), Diesel(D), Kerosene(K), Hydroelectricity (H), the output elasticity is giving respectively as:
Coal:
2 ln Thus the substitution elasticity between coal, gas, petrol, diesel, kerosene, and hydropower are calculated as: are respectively the substitution elasticities between coal and hydropower, petrol and hydropower, diesel and hydropower, kerosene and hydropower, and gas and hydropower.
However, it is worth to consider that the specification of the trans-log production with squared term of the some of the explanatory variables makes multicollinearity a suspect. This can lead to inaccurate estimates of the regression coefficients, inflate the standard errors of the regression coefficients, deflate the partial t-statics for the explanatory variables, give false nonsignificant p-values and degrade the predictability of the model (Gujarati, 2009; Wooldridge, 2010) . The use of conventional OLS thus becomes inappropriate in the face of severe multicollinearity. To check the presence multicollinearity in the model, variance inflation factors (VIFs) of each of the explanatory variables are computed. If VIFs are greater than 10 and the condition number of the Eigen values of correlations of some variables are greater than 100 conforming that multicollinearity is a severe problem thereby making the use of the OLS estimation procedure inappropriate (Gujarati, 2009 ).
To address the problem of multicollinearity, this study adopts the use of ridge regression procedure developed by Hoerl and Kennard (1970) . In the presence of multicollinearity, OLS estimates are unbiased but their variances are too large so they may be far from the true value. Ridge regression involves the addition of a degree of bias, usually referred to as biasing constant (k), such that the standard errors are reduced. In ridge regression, the usual matrix of the OLS parameter estimate
, where k is the ridge parameter or the biasing constant which satisfies the condition 0<k<1 and I is an identity matrix (Wooldridge, 2010) . There usually exists a value of k for which mean squared error of the ridge regression estimator is less than that of least squares estimators. Since k is a measure of biasness of the ridge regression, it is desirable to choose the smallest value of k that minimizes the bias. This value of k referred to as the optimum k and it is determined with the use of a graph called ridge trace. The ridge trace plots the ridge regression coefficients as a function of k and the value of k for which the regression coefficients stabilize is chosen as the optimum (Hoerl and Kennard, 1970) .
DATA SOURCE AND DEFINITION OF VARIABLES
This study relies on the secondary sources of data. Data published by Central Bureau of Statistics, Nepal Oil Corporation, International Energy Agency (IEA), Nepal Electricity Authority for the period of 1980 to 2016 are taken in the study. The definition and source of data used in the paper as summarized below.
Gross Domestic Product (GDP):
GDP is the monetary value of final goods and services produced within country during an accounting period. GDP at basic price (measured in constant price) is taken as the dependent variable. This is taken from national income estimates of Central Bureau of Statistics, Government of Nepal.
Coal:
Carbon is defined as a piece of glowing carbon or charred wood. In Nepal low to medium grade occurrences/deposits are known in four stratigraphic positionsQuaternary lignite, Siwalic coal, Eocene coal, Gondwana coal but are present in scattered amount in most of the areas. The figures on coal is taken from International Energy Agency.
Petrol:
Petrol is a light fuel that is obtained by distilling petroleum and used in internal combustion engines. Petroleum formation occurs by various hydrocarbons combining with certain minerals such as sulphur under extreme pressure. This figure is obtained from Nepal Oil Corporation.
Diesel: Diesel fuel in general is any liquid fuel produced from various sources-the most common being petroleum. Other sources include biomass, animal fat, biogas, natural gas and coal liquefaction. Petroleum diesel, also called petro diesel, or fossil diesel is the most common type of diesel fuel. The figure in Diesel is obtained from Nepal Oil Corporation.
Kerosene: Kerosene is flammable hydrocarbon oil usually obtained by distillation of petroleum and used as a fuel, solvent, and thinner. Kerosene is used especially in jet engines of aircraft (jet fuel) and some rocket engines and is commonly used as a domestic cooking, lighting fuel and domestic heating boilers. The figures on Kerosene are collected from Nepal Oil Corporation. Gas: Gas (also known as LPG) is a type of fuel consisting of hydrocarbon gases in liquid form. LPG or liquefied petroleum gas describes the flammable hydrocarbon gassed including propane, butane, and mixtures of these gasses. This is a staple source of energy for many residential homes and other industries as well as it come with a myriad of uses. The figures on Gas is also obtained from Nepal Oil Corporation.
Hydroelectricity:
It is the energy produced from generators that are pushed by the movement of water. The rivers, dams, reservoir or collected water are the source for this power generation. The data of hydroelectricity are collected from Nepal Electricity Authority.
RESULTS AND DISCUSSION
We estimate a number of equations and later used the parameters to compute the elasticity of substitution between the variables of the interest. Figure 1 , based on the Annex 1, reports the ridge regression results. Based on the ridge regression results, we then estimate the output elasticity of the different fuels, results of which are summarized in the Table 1. Table 2 summarizes the elasticity of substitution between the different inputs.
Ridge Regression Results
The results of the ridge regression are reported in the Annex 1. We first ran the OLS and perform a test to check the presence of multicollinearity in the result. The VIF suggested that multicollinearity is present in the OLS equation. Accordingly, we follow ridge regression method. For this, we ran a number of regressions based on the different values of k and finally choose 0.005 as the biasing constant for it as it is the point where parameters stabilize. The overall goodness of the models found good (Appendix 1). More importantly, the VIF has been reduced to significantly thus conforming that the ridge regression has been effectively deal with the problem of multicollinearity.
However, we could find only few coefficient statistically significant (Appendix 1). This is because of the higher number of explanatory variables and limited number of observations in our dataset. Since there was no alternative available in terms of data availability, we use this result owing to tradeoff between multicollinearity, number of observations and statistical significance of the parameters estimated. Hence, our results should be taken as indicative and further evidence are required. Figure 1 plots the ridge trace for the ridge regression. We display a large range of values for k on a logarithmic scale so that the points on the vertical axis which contains the points for the least squares solution where k is zero may be seen. We see that adding k changes the values of the coefficient and stabilize around the value 0.005. 
Output Elasticity
The parameter estimates of the ridge regression provide the platform to obtain the estimates of output elasticity of the fuels: Coal, Gas, Petrol, Diesel, Kerosene, Hydropower used in the generation of energy. Table 1 reports the output elasticity of different fuels. We find an average elasticity of coal, gas, petrol, diesel, kerosene and hydroelectricity as 0.028, 0.024, 0.026, 0.047, -0.017, and 0.367respectively for the period of 1980-2017.The findings suggest that, except for early few years, the output elasticity of fuels other than kerosene is positive. This implies that the higher level of consumption of the fuels other than kerosene is positively associated with economic growth during the sample period. Kerosene is found negative which could be because it is mostly used for the consumption purpose without contributing the production of goods and services in the economy. The results of the estimation of the output of elasticity reveal some important points. It is found that hydro power has higher output of elasticity than each of the fossil fuels despite having the least percentage of the energy mix. This is a pointer to one of its attribute as a clean energy with positive impacts on the economy. Similarly the output elasticity of diesel is higher than that of other fuels. This is explained by the fact that for the majority of the sample period, diesel dominates the energy generation fuel mix. Likewise, although, coal and kerosene have lower output elasticity compared to other fossil fuels, neither of the two dominated the fuel mix and did not have the big impact on the economy as electricity and other fossil fuels. Further, positive output elasticity of fuels also indicates that economy can absorb the energy mix.
Elasticity of Substitution
Based on the Table 1we finally compute the elasticity of substitution between different fuels. The results are provided in Table 2 . We confine our results to hydroelectricity and other fuels as this is the primary interest of the paper. The result showed that all the inputs pair considered in the study have positive estimates of elasticity of substitution. The average estimates for the period shows that coal and hydro has substantial substitution possibilities with an estimated coefficient of 1.06. Likewise, the elasticity of substitution between petrol and hydro is 1.03, diesel and hydro 1.02, kerosene and hydro 1.02, and gas and hydro as 1.01. These results reveal some important information.
First, the elasticity of substitution is found greater than unity in all cases. This implies that hydroelectricity and other forms of fuels are found substitute during the study period. Technically, this can be interpreted as the reduction in other fuels such that this reduction exceeds the increase in relative prices indicating that they are gross substitutes. Since the elasticity of substitution is greater than unity, it is more likely that the fossil fuels will be substituted and the swap over the other productscould take place more easily. In case, the elasticity of substitution is less than unity, relative demand for a fuel falls but by proportionately less than the relative rises in its price. This could have indicated that hydroelectricity and other fuels were gross complements and less potential for swapping or substitute the products.
Second, the coefficient of elasticity of substitution is increasing, though marginally, over the years especially for coal and petrol. For example, the coefficient of substitution between coal and hydro was 1.05 in 1980 which has increased to 1.08 in 2016. This could be explained by the increasing share of hydroelectricity in the energy consumption basket over the years. However the coefficient for diesel and gas has remained stagnant over the years. This could be partially explained by condition of short supply of electricity over demand meaning that the sectors that consume diesel and gas have not got enough electricity. However, this aspect needs further exploration. It also warrants an analysis on composition of diesel and gas consumption by sectors. Nevertheless, elasticity of substitution is greater than one indicating that diesel and gas could also be substituted if the supply side constraints are removed. Source: Author's computation Third, the elasticity of substitution between coal and hydro is found relatively larger (1.06), though not significantly, followed substitution of petrol (1.03), diesel (1.02), kerosene (1.02) and gas (1.01). This would suggest that coal is more likely to get substituted compared to others. Whereas the share of coal on energy consumption composition is just about 4 %, the recent trend reveals that the industries that were historically using coal are surging. The cement and brick kilns could be taken as example. It is therefore high potential that these industries could switch to hydroelectricity for their power consumption. In case of petrol, the vehicles consume the significant proportion. The results are supportive of the fact that use of electric vehicles can be promoted in place of combustion engine type vehicles. As discussed above, the diesel could have more potential to get substituted but owning to limited supply of the electricity, this has not taken place. Similar case exists in case of Gas.
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Fourth, combined with the result from Table 1 , it is found that the hydroelectricity has higher contribution to economic growth. With elasticity of substitution greater than unity along with high output elasticity of hydroelectricity, our result would mean that it could contribute to economic growth while substituting the fossil fuels. However, we do not attempt to establish the casual relationship between energy growth nexus, therefore, these results should be taken as indicative of the fact that hydroelectricity could be supportive for achieving the goals of higher economic growth in the country.
CONCLUSION
Given huge hydro potential in Nepal, it is crucial to examine to what extent the hydro electricity can substitute the conventional fossil fuels in Nepal. This paper examines the potential substitution between major sources of energy namely coal, petrol, diesel, gas, kerosene and hydroelectricity. Applying a translog production function and using the data for the period of 1980-2017, we estimate the elasticity of substitution between the different fuels. A ridge regression approach has been followed to avoid the multicollinarity issue in the estimation. Our finding suggests that hydroelectricity has the potential to substitute the fossil fuels currently being consumed in Nepal. We also find the elasticity of substitution is increasing over the years owing to increasing share of hydroelectricity in energy consumption composition during the same period. This would mean that hydroelectricity has potential to substitute other fuels if share of hydroelectricity in energy consumption composition is increased. While this paper has initiated to examine the inter-fuel substitution possibility in Nepal and given that our results owe some limitations, we suggest for further research on this field applying the different models and econometrics tools so as to find more robust evidence.
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